ABSTRACT. Nonesterified dolichols have been measured in the urinary sediment of 20 patients with the late infantile and juvenile forms of neuronal ceroid lipofuscinosis (Batten disease), in 15 patients with other storage and neurodegenerative disorders and in 10 control subjects. Dolichols were measured by a high performance liquid chromatographic method and were related to urinary creatinine concentration. The levels of dolichols in Batten disease were not significantly elevated when compared to the normal subjects or to patients with other neurodegenerative disorders. The highest levels seen were in two patients with mucopolysaccharidosis types I1 and IV, respectively. Measurement of dolichols in urinary sediment is of little value in the diagnosis of Batten disease or in furthering our understanding of the underlying primary defect. (Pediatr Res 19: 213-216,1985) 
The juvenile form of neuronal ceroid lipofuscinosis is one of a group of familial severe degenerative diseases characterized histologically by an intracellular accumulation of abnormal cytosomes containing lipofuscin positive staining storage material (6, 18, 19) . There also exists infantile, late infantile, and adult forms of this disease. The basic defect is unknown and the disease is clinically marked by visual deterioration at the age of 3-7 yr, leading to blindness within a few years and by a progressive decline of mental and motor functions.
Epileptic manifestations appear and death occurs mostly between the ages of 15 and 2 1 yr.
At present the clinical diagnosis is confirmed by the demonstration of vacuolated lymphocytes in the peripheral blood film supplemented by examination of the urinary sediment or other tissues for the characteristic inclusion bodies peculiar to one or other of the forms-curvilinear bodies most typically in the late infantile form and finger print bodies in the case of the juvenile (1-3, 6, 11) . Rectal biopsy with subsequent histochemical staining is also employed.
The storage material has been isolated from the neurones and urinary sediment of patients with Batten disease and it has been reported that in patients with Batten disease there is greatly increased amounts of polyisoprenols of the dolichol class (C-17-C-20) within the storage material when compared to age-matched normals and to patients with other neurological diseases (7, 8, 13, 14) . Furthermore it has been proposed that the measurement of dolichols in the urinary sediment could be of value in the diagnosis of Batten disease and in the screening of siblings of patients. It has also been suggested that the basic defect in the disease may be linked to dolichol metabolism (8) .
In order to test the clinical usefulness of urinary sediment dolichol excretion as a noninvasive diagnostic tool in Batten disease we have measured the dolichol content of urinary sediment from 20 patients with Batten disease (juvenile neuronal ceroid lipofuscinosis) 15 patients with other storage/neurodegenerative disorders, and 10 control subjects without evidence of abnormal storage disease including four patients with the nephrotic syndrome and hence high urinary sediment output. Herein we report our observations.
MATERIALS AND METHODS

Subjects.
The urines from patients with Batten disease were obtained from two sources. From nine patients with the disease in the Sheffield region we collected from one to three, 24-h urine specimens into plain bottles and frozen at -20" C immediately upon receipt in the laboratory.
Early morning urine samples were obtained from 11 patients in the residential clinic "Bartimeushage," center for multiple handicapped children and young adults at Doom in the Netherlands. These were also collected into plain bottles and immediately frozen to -20" C and transported in this condition back to Sheffield. Details of individual patients are given in Table 1 .
Specimens from patients previously under investigation for other storage/neurodegenerative disease were collected as random samples and immediately frozen to -20" C. These included three patients with nondiagnosed neurodegenerative disorders but non-Batten disease, one patient with enzymatically confirmed metachromatic leukodystrophy and 12 patients with mucopolysaccharide storage disorders the diagnosis of which had been previously confirmed by tissue enzyme analysis. These included type IH (one case), IS (one), I1 (two), 111 (five), IV (two). Nine of these specimens were kindly donated by Dr. A. Cooper, Willink Gevetics Laboratory, Royal Manchester Children's Hospital, Pendlebury, Manchester, England.
Specimens were also obtained from four patients being investigated for the nephrotic syndrome as 20-ml aliquots of vigorously mixed 24-h urine collections (the mixing was to allow a sample representative of whole urine containing sediment). Sim-ilarly control random urines were collected from a range of subjects including a neonate (1 month of age) and a 21-yr-old male. The latter age approximates to the maximum survival age of patients with the juvenile form of the disease.
Equipment. The HPLC equipment consisted of a SP8770 isocratic pump (Spectra Physics Ltd., St. Albans, Herts, England) and a Kratos Spectroflow 773 spectrophotometer (Kratos Analytical Instruments, Westwood, NJ). Standard pig liver dolichols were obtained from the Sigma Chemical Company, Poole, Dorset, England.
Urine creatinines were assayed by a standard alkaline picrate method (Patchet, BP, unpublished) adapted for the Cobas Bio Centrifugal Analyser (Roche Diagnostics Ltd., Welwyn Garden City, England).
Urine dolichols were determined on samples (usually 20 ml) of thawed urine. The sediment in each sample was recovered by centrifugation at 2000 x g for 5 min. To each sediment was added [l-3H]dolichol (lo4 dpm, 2.5 ng) to act as an internal standard to enable corrections for losses during the isolation procedure. The sediment was then extracted with a mixture of chloroform and methanol (1: 1, v/v, 2.5 ml) twice. The combined extracts were washed once with water (3 ml) followed by a mixture of water and methanol (1: 1, v/v, 3 ml) twice. The washed extract was taken to dryness under nitrogen and stored at -20" C (usually for only a few days) until assayed by HPLC. Each fraction was dissolved in cyclohexane (50 p1) and 10 was assayed by HPLC (12) using a reversed-phase column (Ultrasphere ODs 5 pm, 4.6 x 250 mm fitted with a precolumn of Lichrosorb 5RP18, 4.6 x 50 mm) and a mixture of propan-2-01 and methanol (713, v/v, 1 ml/min) at 25" C. Elution of dolichols from the column was monitored at 2 10 nm with the spectropho- used to correct the results for losses (usually 5-15%) during the total assay. Dolichol levels were expressed as pg dolichol/liter of urine and as pglmmol of urinary creatinine in order to compensate for the very variable concentrations of urine obtained. Figure 1 demonstrates the HPLC chromatograms for dolichol extracts in a number of the subjects studied. It is clear that the pattern of dolichols is the same in each of the samples. Figure 2 shows the urine sediment dolichol levels in all of the subjects when expressed as pg dolichol per mmol of urinary creatinine. When expressed as pg dolichol per liter of urine a similar pattern of results was seen but with greater spread. For those patients in whom 24-h urine collections had been made, a wide range of urinary volumes were noted suggesting that many of these collections had been incomplete. Twenty-four-hour excretions were, therefore, not estimated. The age of the Batten 
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disease patients at the time of analysis ranged from 9-22 yr, the control group was aged from 1 month to 2 1 yr. It can clearly be seen that the levels of dolichol in the control subjects and the control neurodegenerative disorder group were higher than those of the patients with Batten disease ( p < 0.00 1 using the Whitney-Mann Rank sum test). There was no significant difference between the two groups of control subjects.
The results obtained from one of the patients with Batten disease are of particular interest because although urine concentration was high, no nonesterified dolichol could be detected.
DISCUSSION
Dolichols are a family of polyisoprenoid alcohols with the general structure (R = H) (4).
They occur in human tissues at concentrations ranging from 80-3200 pg/g net weight (10) . The concentration increases with age of the source and there is some evidence of an association with lipofuscin. Dolichols have been isolated from the storage granules containing lipofuscin (9, 15, 16) . This view is consistent with evidence that dolichols are released from phosphodolichols (R = phosphate) through the action of a phosphatase dn the lysosomes (17) .
Phosphodolichol is the functional form of the compound acting as an essential and rate-limiting coenzyme in the N-glycosylation of proteins. There are several reports of interference in this process resulting in the failure to produce functional glycoproteins, e.g. the acetylcholine receptor (reviewed in Reference 5). These observations have stimulated an interest in the relationship between concentrations of dolichol and phosphodolichol in human tissues especially in neurodegenerative disorders. Elevated concentrations of dolichols in the brain associated with Alzheimer's disease and with Batten disease have been reported (16) . It appears that changes in the concentration of dolichol are not restricted to neural tissue and these same authors describe the presence of increased concentrations of dolichol in epithelial cells of the kidney in all forms of neuronal ceroid lipofuscinosis. Figure 2 clearly demonstrates that there is a wide variation in the amount of dolichol associated with sediment of urine in different individuals. It is evident that comparisons based on dolichol per unit volume of urine or per unit weight of creatinine in the urine do not allow specific diagnosis of Batten disease. Ng Ying and Wolfe (8) assayed the sediment from much larger volumes of urine and related the dolichol-content to the total lipid of the sediment. Reporting on samples from a different range of medical conditions from those assayed herein they observed that a high ratio of dolichol to total lipid of urinary sediment was characteristic of Batten disease. The smaller volumes of urine and hence smaller quantities of sediment available in the experiments reported herein did not allow an accurate lipid-assay of the sediment. However, it is unlikely that a dolichol assay per unit of cellular sediment would have materially altered our conclusions. For the dolichol content of the cellular sediment in the Batten patients to be routinely and significantly higher than in those described in the non-Batten groups would require the latter samples to have a cellular content many fold greater than the Batten samples. This greater cellularity would not be expected. Wolfe et al. (16) reported similar results for their data when expressed per 100 ml urine or per gram creatinine.
There is one clear incidence of a case of Batten disease which does not show detectable levels of dolichol at all (Fig. 2) and this would clearly be a false-negative if urinary dolichol levels were to be used as a screening procedure.
Our studies suggest, therefore, that the specific basic lesion in Batten disease is not directed toward abnormalities in dolichol metablism and that current diagnostic methods remain the best that are available to us.
ABSTRACT. The identity of a sulfate ester in rat milk has been determined to be N-acetylneuramin lactose sulfate. This sulfate ester is present in rat mammary tissue and in human milk. The presence of this compound offers an explanation for the simultaneous delivery of sulfate and calcium via the milk, two essential nutrients in early life, without precipitation of calcium sulfate in the milk. Nacetylneuramin lactose sulfate is hydrolyzed in the gut of the neonate and absorbed as inorganic sulfate. This is the first report suggesting that this ester may be of nutritional importance. (Pediatr Res 19: 216-219,1985) The delivery of nutrients to dependent offspring via the milk is an important process for normal development, although many of the constituents remain unidentified at present. Even in man, where the greatest research effort has been expended, many nutrients and growth factors have yet to be identified. This situation is exemplified by the different metabolic responses in human infants fed human milk or a variety of synthetic formulas based on partially purified proteins (1) (2) (3) (4) (5) (6) (7) (8) . In general the concentration of most amino acids in plasma and urine is greater in infants fed formulas than in those fed human milk, although taurine is a notable exception. The role of taurine in the nervous system, especially during development, has received much attention dufing the last decade, especially since the discovery that cats and kittens fed synthetic diets containing partially purified proteins suffered from retinal and tapetal degeneration (9-18):
